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Water development  plays  an  important role in the  economy of  states
and  regions.  However, procedures for estimating the expected  net worth of
proposed projects  have never been  simple,  and  results  have  rarely been
without controversy.  This report  presents  some  guidelines for  the applica-
tion of  economic  evaluation procedures in  project  analysis of  public  sector
water development in  North Dakota.  A  brief history of  North Dakota water
development and  two case  studies of  North Dakota water projects are
included in  this report.
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iiiHighlights
The changing character of public-sector water projects  has brought
about an  increased  interest  in  their  evaluation.  Comprehensive project
planning  involves several steps  from initiation to  ex-post analysis.  One
of the most  significant  steps  from an efficiency and equity perspective is
project analysis.
Several economic concepts need to be understood before analysis of a
water project can be accomplished.  This report discusses  discounting and
present value, public versus private values,  externalities, benefit-cost
analysis, and monetary quantification  of project costs and benefits.
Specific attention is  given to recreation,  irrigation, drainage, and flood
control.
Analyses are discussed from the perspective of project users,  local
economies, and state economies.  An economic efficiency model, a regional
economic activity model,  and a  social  well-being model are each introduced.
Two  case studies--a multi-purpose dam and a  drainage project--are
presented to  illustrate  the  concepts and models  introduced.
The guidelines are written  to assist  state and  local water managers
and planners.
ivGUIDELINES FOR ECONOMIC  EVALUATION OF
PUBLIC  SECTOR WATER  RESOURCE PROJECTS
Randall  S.  Anderson, Jay A. Leitch,  and  Cliff R. Fegert*
INTRODUCTION
The purpose of  this  report is  to  present a  procedural  framework for
socioeconomic evaluation  of  public sector water  development in  North
Dakota.  Water resources  are a  vital  link in  the  livelihood of  all  American
citizens.  Water is  relied on for farming, industry, community expansion,
energy development, recreation, and  tourism.  As  the  demand for water in
these alternative uses continues to  increase, so  does the  need  for compre-
hensive water resource planning.  Public agencies charged with management
of  scarce natural  resources must now take  into account these multiple
users, purposes,  and  objectives.  Consequently, resource planners have had
to broaden  their perspective and  exomine a  wider range  of  alternative
plans.
Hoggan, Kimball,  and Bagley  (1981)  suggest that due  to  the changing
character of  state-financed water projects,  there  is  need to  carefully re-
examine  development policies.  Traditional  projects  have been  small,  single
purpose,  and  relatively inexpensive.  The direct benefits from these proj-
ects were usually evenly distributed within the  local  agricultural  sector,
and  the  indirect  benefits helped to stabilize the  social  and economic
structure of  the  rural  communities.  Emerging  projects, however,  tend  to be
more expensive, larger,  and may impact many  user groups.  Therefore, there
is  a  greater need to determine if  emerging water development  projects  still
generate significant public benefits  to justify  governmental  participation.
Equally important is  the question of  how the  benefits  are distributed to
the state's populus.
Given the conflicting objectives of  different user groups and  the
rapidly changing times,  an optimal  water  development plan  probably does  not
exist.  However, resource decisions, in  which public funds are  invested to
provide public and  private benefits,  should be made in  some organized, con-
sistent planning framework.,  By following a  consistent and  detailed
planning outline, alternatives can be objectively defined, evaluated,  and
implemented.
Project planning is  broad,  involving the  entire  process from ini-
tiation to construction, although  it  is  only one  part  in  an  overall water
management  program.  Comprehensive planning of water resource systems
requjres  a knowledge of  economics, engineering,  ecology, law,  planning, and
political  science.  This further  illustrates the  need for a planning
outline which  will  aid  in the objective  evaluation and  selection  of  complex
alternatives.  .
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What follows is  one possible,  12-step framework  that can be  used in
resource  decision making.  It  is  not meant  to  be  a  rigid structure,  but
instead a  flexible  tool  in  the  planning process.
Comprehensive  Planning Framework
1. Initiate Project.  Normally, water resource projects  originate at
the  local  level.  The  incentive for  action may be a  natural  disaster, such
as a  flood, drought,  or intolerable water quality conditions.  Action may
also be prompted by  changing socioeconomic conditions.  The  problem or
opportunity addressed is  usually small  in  a  geographical  context,  but may
affect a  number  of  users and varied  interests.
2.  Identify Objectives.  Objectives should follow logically from
Step 1  and  express the  specific problem or  opportunities  the  proposed
project is  intended  to address.  Properly defined objectives will
facilitate  accomplishment  of  later planning  steps  but are  not meant to
capture the  full  range of  effects actually produced.
3.  Identify the Relevant Planning Area.  Examples of  planning areas
include watersheds, water resource districts,  statistical  planning  areas,
public  involvement regions, and  political  jurisdictions.  This is  an
important  step,  since subsequent  steps in  the  planning process  are  based on
this delineation.
4. Select National  Parameters.  Examples of  these parameters include
the discount rate,  wage  rates,  and output  prices.  This  step  is  critical,
since inappropriate parameter  estimates  used in  project analyses can  result
in  a  potential  misallocation  of  resources.  Valid  comparisons between  proj-
ects  require consistent parameters.
5. Identify the Problems  or Restraints  in  the Planning Area.  Issues
and concerns which  are important and  significant should be  identified.
This  identification may include  social,  economic, legal,  technical,  or
environmental  factors.  An  example would be  the impact on adjacent
political  jurisdictions.
The process of problem identification usually requires  information
and  inventory studies  at the local  level.  Data  are needed on  natural
resources,  physical  and  social  characteristics, economic activity, and
institutions.
6. Develop Alternative Scenarios.  All  potentially feasible courses
of  action that might contribute to achieving the  project objectives  should
be  identified.  Preliminary engineering feasibility studies will  then be
based on these alternatives.  All  scenarios need  not complete project
objectives.  A "do nothing"  approach or only partial  solutions  to the
problem are examples of  alternatives which  should also be examined.
7.  Analyze Project.  This is a technical  procedure involving a
preliminary engineering feasibility study plus  an  evaluation of the  economic,
environmental,  and  social  impacts associated with each alternative.-3-
Project analysis is  intended  to provide  information  on  the likely effec-
tiveness  and efficiency of a  project in  solving some  problem (e.g.,
flooding) or achieving some  goal  (e.g.,  recreation development).
Project  analysis  is  a  critical  step,  because it  brings  economic  effi-
ciency criteria into  the planning  process.  The goal  is  to  determine which
alternative or  combination of  alternatives is  the most economically effi-
cient means  of  meeting  project  objectives.  The difficulty lies  in  that  all
significant  impacts  should be quantified  and  included in  the analysis.
8. Select Best Alternative(s).  Project analysis  results are an
integral  part  of  this process.  Politics, availability of funds,  and  social
and environmental  constraints  are examples of  additional factors  that
require consideration.
9. Obtain Public Feedback  on  Selected  Scenarios.  Although  this step
is  being mentioned in  the latter portion of  the  planning framework, public
participation  and  input  should be  sought in  all  planning phases.  Inclusion
of public concerns  and.problems in  the early stages  will  help  avoid costly
or embarrassing oversights  and  will  contribute to  effective, comprehensive
planning.
10.  After the best scenario has  gone through the  selection and  public
review process,  the  next step is  to  authorize and  fund the project.
11.  The  next step is  to construct  the project, but  this  is  not the
end of  the  planning process.  Ideally,.if project parameters change
substantially, the project  should be re-evaluated.  Even  after construction
has  started,  changing conditions may warrant re-evaluation  and  possible
project changes or cancellation.
12.  Ex Post Evaluation.  Resource development entails many unknowns.
After the project  has  been  in  existence,  an  ex  post analysis will  identify
weak  areas  in  the ex  ante analysis (Step 7),  thereby facilitating  improved
analysis of  future projects.
Objectives
A  major purpose of  this report is  to present  some basic elements of
public  sector water development analysis in  North Dakota.  The  intent  is
not  to cover  all  aspects  of water  'resource  development,  but rather to
outline a  planning and  economic evaluation  framework  that can  be  used in
resource decision-making.
The twelve-step planning framework  described  earlier is presented in
Figure 1.  Project analysis  (Step 7) is only one step in the  planning pro-
cess; however,  it has  received the greatest  attention and criticism in the
past.  The problem is not inherent  in  the methods of  analysis  but  in  the
potential misuse and  lack  of  adequate data needed to make project analysts
an  objective  planning tool.
It  has been  argued that  ".  . . a benefit-cost ratio  greater than
unity  attests more to  the  imagination of  the planners  than  to  the economic
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Figure 1. Planning Framework for Use in  Public Sector Water Development
accurately describe many project analyses  conducted in  the past, it  is  not
a  sufficient  argument for the complete dismissal  of  this planning  step.
Project  analysis can provide a  good  screen for eliminating projects or
alternatives that should  not be  seriously considered.  The major emphasis
in  this report is  to provide a  guide for  the application of  economic eval-








HISTORY OF  NORTH  DAKOTA WATER  DEVELOPMENT
Water development  has always  played  an  important  role in  the  economy
of a  region;  North Dakota is  no  exception.  Even  before the  United States
was a  nation,  the  waterways of  North  Dakota were dominating economic
development in  the West.  Water development history is  not  only extensive
but  at  times romantic,  as  was the  fur trade, and  at  other times controver-
sial,  as is  the Garrison  Diversion project.
In  the mid  to late 1700s, the  two  great  rivers  of  North  Dakota, the
Missouri  and the  Red,  became focal  points  for trading in  the  West (Robinson
1966).  Trappers brought furs  from Canada by traveling upstream on the Red
River.  Trappers .traveling  the Missouri  River brought furs from the  entire
Rocky Mountain Region.  This  era  lasted  until  the mid  1800s when  the  trade
finally ended.
Lewis and  Clark, on  their historic expedition, wintered  on the  banks
of  the  Missouri  and established  Fort Mandan during  their stay in  North
Dakota.  From the 1830s  until  1937  steamboats  and  packets  plied their way
up and  down both  the Missouri  and Red Rivers.  They provided freight, mail,
and  passenger service for  the  North Dakota  settlers.  Bismarck  and  Grand
Forks were the main ports during this era.
Water development in  North Dakota began with  irrigation  (Tweton and
Jelloff 1976).  In  1889,  445  acres were  under irrigation  and  by 1899,  4,872
acres were being  irrigated.  In  1904,  the  state engineer was  assigned the
responsibility to manage water development  including irrigation, water
appropriation rights,  hydrologic  surveys,  and flood control.
By 1937,  partly because of  the  severe drought  during the  1930s, it
became apparent that a  state  agency, which would be  solely concerned with
the problems of  water development, was  needed.  With House Bill  No.  125,
the 25th  session  of  the  legislative  assembly created  the  North Dakota Water
Conservation Commission.
Originally the  commission had three basic  concerns:
1. Water for human  and  industrial  needs  and  sewage dilution
2. Water for  livestock and  other farm  animals
3. Water for irrigation  to  insure crop yields
By 1940 the  commission, after gaining  experience in  the field,
revised  and  added  to  its basic concerns  such  things as  recreation, game and
fish  uses,  and flood  control.
In  1968,  the commission's name was  changed to the  North Dakota State
Water Commission and  six  overall  goals were  established which remain
unchanged to date:
1. Water for human  needs-6-
2. Water for  animal  needs
3. Water for  irrigation
4. Water for  industry, other than  that available through municipal
supplies
5. Water  for recreation  and wildlife
6. Water control  to  avert floods
When  the commission was  first organized in  1937,  the board of
directors consisted of  the North Dakota governor  and  six appointed members.
Since that time,  the  number of  members  has varied.  Today the commission
consists of  the governor, seven appointed members, and  the commissioner of
agriculture  as  an  ex-officio member (Figure 2).
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Figure  2. Organization of  the  North Dakota State Water Commission
SOURCE:  North Dakota State Water Commission Biennial  Reports, 1981-1983.- 7-
In  the  beginning, mainly because the commission was  concerned  almost
exclusively with small  localized projects, the employees were mostly
construction engineers,  construction personnel,  survey crews,  and
administrative personnel.  During  the  summer months, temporary survey
assistants  and  construction crews were  also hired.  By 1950,  a  planning
coordinator  had been  hired.  But  generally, until  about  1960,  construction
engineers were  the mainstay of  the commission.  The  1960s  saw an  expansion
of  the  commission  and a  change in  the  type of  personnel  hired.  Geologists,
hydrologists, draftsmen,  research  assistants,  lab  technicians, soil  tech-
nicians,  chemists,  and water rights technicians  all  became a  part  of  the
commission.  These  personnel  changes  gave the  commission a  broader perspec-
tive  and made projects more consistent with the overall  goal  of  improving
the water resources  in  North Dakota (Figure 3).
During  its early years, the commission dealt  almost exclusively with
small,  private  irrigation  projects.  Such projects  were fairly easy to
construct  and  benefits  could be  realized quickly.  Over time,  the
commission  has become  involved  in  almost every aspect of water development
that had  relevance  to  North Dakota (Figure 4).  Although the commission
does get  involved in  cost-sharing, it  does  not own any water development
projects.  All  projects  built to  date are  owned either by  local  or  regional
entities or by the  federal  government.  Some of  the functions of  the
commission today are
1. Cost-sharing for construction and for  repair and maintenance of
large and  small  dams,  drains,  and  irrigation  projects.
2. Evaluation of  projects  before, during, and  after construction.
3. Coordinating various activities with federal  agencies.  Good
examples are working with  the United  States Geological  Survey in
conducting groundwater surveys  and  stream flow data.
4. Organizing entities  concerned with water resources.
5. Cooperating with counties,  flood control  districts,  irrigation
districts, user associations,  and  other organizations concerned
with water developments.
6. Administering state water  laws  and managing water permit
applications.
7. Representing North Dakota in  planning activities  involving other
states, for example, Missouri  Basin States Association.
8.  Representing the state  in negotiation with federal  agencies.
9.  Promoting water development in North Dakota  at  state  and federal
levels.
The  commission's budget  allocation has  seen a slow but  steady
increase since the  1930s (Figure 5).  In  real  dollars  the  budget  has
remained fairly constant since  the  late  1960s, while in nominal  terms it
has  increased  rapidly.-8-
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Figure 5. Budget Allocation for the North Dakota State Water Commission,
1937  to 1983
SOURCE:  North Dakota State Water Commission Biennial  Reports,  1937-1983.- 11  -
ECONOMIC CONCEPTS
One objective of  this section  is  to outline  basic econoTic  concepts
common to  both  private and  public  investment  decision making.  A  second,
more important objective is  to  illustrate differences between  public and
private  sector objectives  and  consequent differences in  methods of
analysis.
The rationale for  investment analysis  is  based on two fundamental
economic concepts:  scarcity and  substitution.  The  concept of  scarcity
implies that the  natural,  man-made, and  human  resources needed for pro-
ducing desired  goods  and  services are  limited.  If  these resources were not
limited,  it  would be  possible to produce  all  goods  desired by  society and
no  decisions  regarding their use would be  needed.
Substitution  implies  that  individuals  and  society are  generally
willing to  trade  off between different  combinations of  goods  and services.
The problem  lies  in  deciding which goods  and  services  should be produced.
These decisions  are made partially by  judging the trade-offs in  the context
of their benefits  and  costs.  Benefits  of  goods and  services  are their
value  to  consumers.  Costs are essentially foregone benefits from consump-
tion of  some  other good or service.
Present Value
The  concept of  present value is  pf  central  importance  in  economic
analyses.  Benefits and  costs from projects may not accrue  immediately but
rather over a  period of  time.  Since a  dollar received today is  worth  more
than a  dollar received  in  the future, future  streams  of  costs  and  benefits
must be  reduced  to a  present-day value.
The difference between  present  and  future dollar  values  is  dependent
upon the  interest or  discount  rate.  For example,  the higher the  interest
rate, the more a  dollar will  return in  the future if  loaned  with  interest.
This  logic can  also be reversed  so  that  if  future costs and benefits  are
known,  and  the  interest rate is  given,  their present  value can  be calculated.
This relation  between  present and future values  can  be formally expressed
as follows:
Ft PV  =
(1  +  i)t
There are several  books which provide  extensive treatment of
resource economic concepts  applicable to public  sector water development
(e.g.,  Randall  1981;  Seneca and  Taussig  1979;  James and  Lee 1971;  Howe
1971;  Easter  and Waelti  1980; Anderson  and  Settle 1978;  Bromley, Schmidt,
and  Lord  1971).- 12  -
where PV  =  present value
F  =  future dollar value of  benefits  and costs
i  =  interest  (discount) rate
t  =  time period  in  which benefits  or costs  accrue.
If  benefits or costs occur over a  series of  years, the present value is
obtained by  summing  the present value of  each component of  the cost or
benefit  streams.  This summation  process  can  be expressed  as follows:
T  Ft  1  - (1  +  i)-T
PV=  I  or F=
t=  (1  +  i)
where T  represents  the  life of  the project.
The  actual  calculation of  present values can  be  simplified  through
the  use of  present value tables  such  as Tables Al  and A2  (see Appendix A).
For instance, consider a  project which would yield benefits  in  year 5  worth
$2,000.  If  a  7  percent discount rate is  selected, the present value  (PV)
of  these benefits could be expressed as
*  $2 000 PV  $2000  =  $1,426.
(1.07)
This problem can  be simplified by  referring  to Table Al which  reveals
the  present value  of $1.00  for  alternative time  periods  and  discount rates.
The  present value factor for year 5  and a  7  percent discount  rate is
0.7130.  Consequently,  the present value of  $2,000  received  in  year 5  is
$1,426,  or $2,000 x  0.7130.
Consider another project which  produces a  time stream of  annual
benefits  (received  at  the  end  of  the year) equal  to
$1,000  $2,000  $4,000  $3,000.
If  a  7  percent discount  rate is  used,  the present value of the benefit flow
is
PV  =  $1,000  +  $2,000  +  $4,000  +  $3,000 . 2  3  4 (1.07)  (1.07)  (1.07)  (1.07)4
The arithmetic  involved in  this  example can be reduced by using the present
value factors  in  Table Al.  For example, the entry in  Table Al that
corresponds to  year 1 and 7 percent  is  0.9346, while the entry
corresponding to year 2 and 7 percent  is  0.8734.  Thus,  the present value
of  project benefits is- 13  -
$8,235 =  ($1,000 x  0.9346) +  ($2,000 x  0.8734) +  ($4,000 x  0.8163)
+  ($3,000 x  0.7629).
The computation of  present values  can  be simplified even more if  the
annual  flow of  either benefits or costs  is  expected to be  constant from
year to year.  Consider, for example,  the following four-year  time stream
of benefits:
Year 1  - $5,000
Year 2 - $5,000
Year 3 - $5,000
Year 4  - $5,000
The present value  of  this benefit flow is
PV  =  $5,000/(1 +  i)  +  $5,000/(1 +  i)2 +  $5,000/(1 +  i)3  +  $5,000/(1 +  i) 4
which  can be  rewritten as
4•5,000  1  (1  +  i)T PV  =  5  = 5,000 - -
t=l  (1  +  i)t  i
Once a  discount  rate is  selected, we  need only to  refer to Table A2
which reveals the  present value  of $1.00  received annually (or paid
annually) for alternative time periods  and  discount rates.  For example, if
the discount rate is  7  percent, the present worth  factor is  3.3872  (see  the
entry in  Table A2  corresponding  to 4  years  and 7  percent).  Consequently,
the present value of  the four-year  stream of benefits  in  this example is
$16,936, or $5,000 x  3.3872.
By following these formulas, it  can  be observed that the higher the
interest  (discount) rate, the  lower will  be the  present value of  future
costs and  benefits.  This can be further  illustrated  through use of a
simple example  (Figure 6).  Consider a  water  project which generates
benefits worth $1,000 each year during its  50-year  life span.  If  future
benefits are  not discounted,  total  present value  of all  benefits would
equal  $50,000  (represented by  the area under Curve A  in  Figure 6).
However, if  a  4  percent discount  rate is  used to reflect the fact  that a
given sum is  worth  less  in  the future than it  is  today, then the  present
value  of  all  benefits would be $21,482 (represented  by the  area under Curve
B).  If  an 8  percent discount  rate is  used,  the present value  of  all
benefits  would decrease further  to $12,234  (the  area under Curve C).
This demonstrates that selection of the proper discount rate for
public  investment projects is a  crucial  step.  The  situation becomes more
critical  when costs  are concentrated at  the  start  of  a  project  but benefits
are spread more evenly over time.  This  is  frequently the case with water- 14  -
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resource development projects which  have construction costs occurring at
the  start but benefits occurring  throughout the  project life.
Selection  of  an  interest or discount rate contributes greatly to
determination  of  whether a  project is  deemed economically efficient or not.
Therefore, there has  been  considerable controversy regarding appropriate
rates.  Lower  interest rates will  make projects  appear more worthwhile  and
will  favor  long-lived projects  over short-lived ones.  While it  is  not
within the  scope of  this  report to  suggest a  proper discount  rate, a
presentation of  alternative approaches to the determination of  the discount
rate is  warranted.
Two main approaches are used  in  selecting proper discount rates for
public  investments:
1.  Opportunity cost of  public capital
2.  Social  rate  of  time preference
The opportunity cost approach  suggests that the discount rate  should
reflect  the  cost  of  funds withdrawn  from the  private  sector of  the economy.
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The alternative approach  argues that private  sector  investments
consider only private benefits  and  costs, with no  consideration  of  social
benefits or the benefits to  future generations.  The  social  rate of  time
preference approach  contends  that the discount rate  should be a  policy tool
reflecting governmental  objectives  and,  therefore,  should be  lower than
current market rates.  Pagoulatos  and Walker (1976)  present a  useful  review
of  these two opposing positions.
Private Sector Analysis
A  major theme in  this report is  economic welfare, defined  as  the
economic  well-being of  society.  The welfare of a  single  individual  is  the
simplest  example, since only events which  affect the  individual  need to  be
considered.  This is  also true  of  private business firms.
The private sector  objective function is  typically assumed to be
profit maximization;  therefore, there is  an  incentive for firms  to produce
only private goods for which there may be a  potential  profit.  A  pure
private good  is  one which  can be withheld  from consumers who  refuse to  pay
(exclusion)  and whose consumption  by one person reduces  its  availability
to someone else (no  shared consumption).  Everyday examples  of  pure private
goods would  include,  automobiles,  televisions, and  food.
Benefits  and  costs  in  the  private sector typically are measured by
money received or prices paid  in  the marketplace.  The price  and market
system performs to direct what, how, and for whom to produce.  This  system
works  reasonably well  for private  individuals  and  business firms  acting in
their own  self  interest.  However, it  includes  only private values  and  not
the value accruing to other  sectors  of  society.
Public Goods
There is  another class of  goods, public goods, which the private
sector does not  have the  incentive to produce in  amounts desired by
society.  A  pure public good cannot  be withheld from consumers who  refuse
to pay (nonexclusion),  and consumption of  that  good by one person  does not
reduce its  usefulness to  someone else (shared consumption).  Examples of
pure public goods  include environmental  quality, national  defense,  and
flood control.  Due  to  nonexclusion  and  shared consumption, private firms
have  no  means of  profiting from production of  public goods even  though
society may value these goods  highly.
Externalities
Firms  in  the private  sector respond only to  private profits  and
costs.  Therefore, an  incentive exists  to  allow some costs of  production to
spill  over onto other  sectors  of  society.  These spillover costs
(externalities) do  not accrue to the firm that produces  the good but  are
imposed on  part  or  all  of  society.  Externalities  exist because of  a lack
of  enforcement of  property rights or  society's failure to  adequately define
property rights for  some  resources.  For example,  air  and  water resources- 16  -
are considered common property resources.  These  resources cannot be
withheld from consumers who  refuse to  pay (nonexclusion); however,  their
consumption  by one person  does reduce their availability to  others (no
shared  consumption).  Private firms and  individuals  are  able  to  use  these
resources  to  their own  benefit while passing part  of  the  cost of  their use
on  to society.
Externalities  can  be either a  negative or a  positive effect and  are
not  limited  to  private sector actions.  Instead, this concept is  meant to
encompass  any benefits or costs  imposed on individuals  who play no  part  in
the decision.  For  example, consider a  typical  water resource project  in
which a  dam is  built for  flood control.  This action may have destroyed a
popular fishing  area for  local  anglers  (negative externality) but may have
created a  new waterfowl  hunting  location  (positive externality).  Both  the
anglers  and  hunters are affected by this project although neither had a
decision-making  role.
Public Sector Analysis
Failure  of  the private  sector to produce  public goods and  services in
amounts desired by society has  prompted  government  to become  involved.
State and  federal  governments  have had extensive  participation in  water
resource development, supply of  recreational  sites  (e.g.,  national  parks
and  national  forests), and  establishment of  environmental  quality  programs.
The  objective function of  the public  sector is  to maximize the
welfare of  society as a  whole.  This becomes more complex than  private
sector analysis, because  an event which  increases  the welfare of  one indi-
vidual  may decrease the well-being of  another.  Consider  once again  the
example  of a  water resource  project  that  destroys a  popular fishing loca-
tion  but creates a  new hunting  area.  Private planners often ignore  these
externalities  in  their  project analysis.  However,  public investment
decision  making should  include externalities and  other nonmarket effects in
addition to traditional  market impacts.
The concept of  maximizing the welfare of  society is  too broad to be
an  effective guide in  water  resource planning and  evaluation.  Therefore,
objectives which have been  used recently to guide public sector planning
include the following (U.S. Water Resources  Council  1970):
1.  Enhance economic  development (economic efficiency)
2.  Enhance  the quality of  the  environment
3. Enhance  social well-being
4. Enhance  regional  development
Government provision of  goods  and  services does  not necessarily
guarantee  the correct allocation of  resources.  Government agencies with a
limited budget  can  implement one project only at  the expense of  other
projects.  Consequently, it  becomes  necessary to estimate if  the  project in- 17
question  generates benefits (financial  and  otherwise) in  excess of  its
costs  to  society.  It  is  also  important to  compare these four critera
among  alternative projects.
Several  methods may be used  to evaluate and  rank  proposed public
projects.  Most methods  are based on  identifying  and measuring all  project
benefits and  costs.  Both benefits  and  costs should be measured  in  dollar
values and  reflect  the  relevant social  values  of  project  inputs  and out-
puts.  This is  important  since relevant social  values  should include  all
that is  lost or gained by  society as a  result of  the  project.  Benefits  are
not  simply the  revenues  earned by  the  project, nor  are  costs just the money
spent  to  construct  and maintain the  project.
Benefit-Cost Identification
Any water resource  project will  result in  a  number of  impacts
affecting many types  of  individuals  or groups.  Project evaluation requires
a  comparison between  events predicted to occur if  a  project is  built  and
those predicted  to occur without  project construction.  This principle
requires prediction  of baseline changes which would  occur even  if  the  proj-
ect  is  not built  (generally referred to  as the future without  condition) as
well  as changes if  it  is  built.
Project  impacts affect  society and  three subsets:  owners,  users,  and
regional  economies.  In  order  to  correctly define the economic viability of
water projects,  it  becomes  necessary to  identify and  describe the
associated  impacts for each  group.  Public sector water development
generally suggests  that a  body of  government will  be the owner of  the
facility.  Users  of  the  project may include farmers,  as  in  the case of  an.
irrigation  project,  property owners for a  flood control  project,  and
anglers, campers, etc.,  for a  recreational  impoundment.  For  purposes of
this  study, the  regional  economy will  be  identified  as a  multicounty area
surrounding the project  development site, while society will  be considered
to be the  state.
Because benefits  and  costs stem from so many kinds  of  effects,  a
systematic  procedure is  required to  ensure each effect is  considered  and
evaluated.  Two basic  types  of  impacts will  accrue from water resource
projects:  direct  and  secondary effects  (Figure 7).  Direct  effects are the
goods and  services  directly produced by the project.  Examples would
include reductions in  flood  damages,  increased crop  production as a  result
of  irrigation, or  increased  recreational  opportunities.  Direct effects
accrue from the  physical  impacts  of  the project.
Water projects will  have  secondary (indirect  or induced) effects on
other  parts  of  the economy.  Some project inputs, which  will  be purchased
locally, may  increase local  economic  activity.  Irrigation water, flood
protection,  and  outdoor  recreation  provided  by a project will  also expand
local  business  activity and  provide added  employment opportunities  to  the
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Figure 7. Categorization  of  Project  Impacts
Secondary  impact5  are those resulting from value-added activities
influenced  by the  project through economic  linkages  and  may stem from
either forward or  backward production  linkages.  Secondary impacts  result
from forward production  linkages  that increase net  income of  those who  pro-
cess the  production output.  The  net impact  is  income from processing
project output minus  the  sum of  income which  would be obtained  from pro-
cessing output displaced by  the project and  output which would have
resulted without project  implementation.  Secondary impacts  also result
from backward production  linkages  which  increase  net income  of  those who
provide goods  and  services to  the project  area.  These net  impacts  are the
increased  income of  those serving the project  area minus  the  reduced  income
of  those who would  otherwise provide  input  for alternative  and displaced
services.
These initial  rounds  of  forward and  backward  linkages  may be described
as  the  initial  round  of  secondary  impacts.  These processors  and  suppliers
of  goods and  services will  require a  set of  inputs  from other firms in  the
economy.  This will  cause additional  linkages  and  successive  rounds  of
spending with yet  additional  firms until  demand for  goods and  services by
all  affected firms  is  satisfied.  This is  the "multiplier" process.
Water project development results  in  primary  and  secondary employment
impacts.  Primary employment  impacts  will  result from jobs created to
construct, operate,  and maintain the project  and from employment require-
ments  of project  users (i.e.,  construction of  an  irrigation  project may
result  in  additional  employment  requirements on-farm because  of  increased
intensity of  agricultural  production  practices).  Additional  employment
impacts  also will  result from secondary  impacts  of  indirect  and induced
expenditures resulting from forward  and  backward  linkages  of  the economy.
There has been  some controversy surrounding the extent to which
secondary impacts  can  be counted  as  project benefits.  A public water  pro-
ject will  likely have positive secondary effects,  but negative secondary
effects  will  also be present  since money must be withdrawn from the private
sector (taxes)  to finance the public  project.  When  resources  of  the- 19  -
economy are fully employed  and mobile among jobs,  positive  secondary
effects of  a  new public  project should not be expected  to be  any greater
than the negative  secondary effects of  reduced  private spending.
Estimating the extent  of  direct and  secondary impacts  is  rarely
without complications.  For  example, the  economic  impact  of  recreation
expenditures is  frequently cited  as a  justification for  planned water
development projects.  However, projected benefits  are rarely compared with
the actual  economic  impact  data obtained following a  project's completion.
Gramann (1983)  compared  the predicted and  actual  economic  impact of
recreation expenditures  at  an  Illinois reservoir  and found  several  problems
associated  with prereservoir economic  impact  assessments.
One problem encountered was  an  overestimation of  the number of
visitors to  the  site.  This was  caused by  an  overestimation  of the  total
population  near the  reservoir and failure of planners  to consider  the
influence  of  several  competing  recreational  sites.  A  more serious  criti-
cism of  early  impact  assessments was that planners  ignored  the probability
that only a  portion of.the expenditures would be  retained as  net  income  in
the area where the  reservoir was  located.  Much of  the goods and  services
sold  locally to  recreationists  had to be  imported from outside the  region.
Planners and  supporters  also failed  to distinguish  spending by area  resi-
dents from that by  nonlocal  visitors.  Expenditures  by local  residents that
probably  would  have  occurred  in  the  area  without  the  project  cannot  be
counted  as  an  economic  impact.
Technical  Quantification  of  Benefits and  Costs
The second  step in  project analysis,  after all  social  costs  and
benefits have been  identified, is  to  quantify the  inputs and outputs in
technical  (not monetary) terms.  This  requires estimation of  the  physical
inputs  and  outputs  specified for each year of  the project's  expected  life.
Monetary Quantification  of Benefits and  Costs
The third  step in  public sector project  analysis  is  to  attach money
values to  project  inputs  and  outputs.  Both  direct  and  secondary effects
described earlier can be divided  into tangible  (monetary) and  intangible
(nonmonetary) components.  Tangible effects  include those project
consequences which can  be quantified in  traditional  dollar terms,  such as
the project's construction,  operation,  and maintenance costs  and the users'
construction, operation,  and maintenance costs  or user fees.
Intangible effects  are project outputs  for which market prices  are
nonexistent  and for which  it is  not  possible (at  the present  time) to  infer
what  users or  consumers are willing to pay.  Examples of  nonmonetary
impacts  include improved  aesthetics,  preservation of  scenic areas,  or
saving of  lives.
Benefits  and  costs can be  grouped  into four types  that reflect  the
ease with which dollar values can  be determined (Howe 1971):- 20  -
1. Benefits and  costs  for which market  prices exist and for which
these  prices accurately reflect  social  values.  Examples  include
most agricultural  inputs  and  agricultural  commodities  that  are
not  subsidized.
2. Benefits  and  costs for which market  prices exist but may not
actually reflect social  values.  Examples  include  price-supported
agricultural  crops or  inputs whose  production  generates pollu-
tion  that  does  not  include the  social  cost in  its  price.
3. Benefits  and costs for which  no market prices exist but for which
appropriate social  values can  be  approximated in  money terms by
inferring what consumers or users would be willing to pay if  a
market existed.  An example would be outdoor  recreation values.
4. Benefits and  costs for which market prices  are nonexistent  and
for which it  would be difficult to  imagine  any kind of  market-
like process capable of registering a  meaningful  monetary
valuation.  Examples  include values  associated with  aesthetics or
environmental  quality.
Market Price  as Measure of Benefits  and Costs.  The most obvious way
of measuring explicit  project benefits  is  to  use the  market value of  the
goods and  services produced.  For example, an  irrigation  project may
produce alfalfa,  corn,  or other commodities having a  market value.  Prices
may vary over time but they are  available.
I-~  market values are used,  these prices  should be computed for  the
point of  production and  not  for  some distant market (ultimate market prices
should subtract transportation costs).  In  addition, if  project  output is
large enough to depress prices,  this  impact must be  addressed.
Price/cost  levels which vary over time  should be measured in  dollars
of  some base year or  should be  converted  to a  constant dollar figure.  The
price  of an  item in  1972, for example, is  not the correct  price to  use in
an  analysis if  all  other values  are expressed in  1983 dollars.  These price
levels can be converted to  a  constant  dollar by  using  an  inflator or defla-
tor such  as  the Consumer Price  Index  (CPI)  or  the Wholesale  Price Index
(WPI).  (The Bureau of  Labor Statistics in  the Department of  Labor
publishes  these  indices.)  Construction costs for water  projects can be
adjusted  using construction cost  indices found in  the Engineering
News-Record (a  construction weekly published by McGraw-Hill,  Inc.).
Simulation of  Market Prices.  Market prices work  to indicate  what
people are willing to  pay for  goods  or  services,  and  this willingness to
pay can  be used  as  a  measure of  social  value or benefit.  However, there
are  some goods or  services for which  usual  market prices do not  exist
(nonmarketable outputs).  Examples  include outdoor recreation, flood
control,  and  preservation  of  unique  areas.  Although markets for these
goods do not exist,  it  may be possible to  infer what consumers or  users
would be willing to pay based  on  observed behavior or reasonable  assump-
tions  concerning people's value systems.- 21  -
Take, for example, the  benefits  from flood control.  Although  there
is  no market price for flood control,  it  can  be reasonably assumed  that
floodplain occupants would be willing to  pay any price  up  to the  full
amount  of expected  damages  that  would occur without the project.
Another example  of  simulating  the operation  of a  market is  found in
estimating the value  of  public  recreational  opportunities.  If  participants
are  required to  pay for  the  use of a  recreational  facility (user fee),  this
amount may reflect  only a  portion  of what  these individuals  are actually
willing to pay.  The difference between what  consumers must  pay in  the
market  and what  they would  be willing  to pay is  consumer's surplus.  Thus,
one possible estimate of  the  total  social  benefit of  the  recreational
opportunity is  the value of  the  user fee  plus  consumer's surplus.
To  illustrate  the concept of  consumer's surplus, we  refer to the
demand curve for  product X  in  Figure 8. The demand  curve is  a  basic tool
used  to  measure the willingness  to pay for goods  or services.  It  reveals
the  relationship between  the amounts  of a  certain good that will  be
purchased  per period of  time  at  various prices  with  all  other relevant
variables  such  as  income,  tastes,  and  the prices of  other goods  held
constant.  In  Figure 8,  the demand curve for product X  measures  the price
of X  along the  vertical  axis and  the quantity per time period along the
horizontal  axis.  At prices of $10,  $8,  and $6,  the  quantity demanded per
period of time will  be 6,  7,  and 8  units,  respectively.  If  the price of
product X  were  to fall--for example, from $10  to $8--but  everything else
that could affect demand were to remain the  same,  then the quantity
demanded would  increase from 6  to 7.
In  Figure 8,  if  product X  represents some measure of  recreation
service available,  and only 7  units were available per time period,  the
market price will  be $8. However, the market price is  only what consumers
have to  pay on  the market, it  is  not a  measure of  their total  willingness
to pay.  If  there were only 6  units  available on  the market, some people
would be willing  to pay up  to $10  rather than go without the product.
Consequently, at a  price of $8,  these consumers are getting a  bonus of  at
least $2,  because  they are able to purchase the  good for a  price  less than
they would be willing  to  pay.  This bonus is  referred to  as consumer's
surplus,  and  when  the price is  $8  it  can  be represented by the  shaded area
in  Figure 8.
There are several methods  used  in  estimating what  users are willing
to pay for goods  and  services  in  the absence of  market prices (O'Connell
1977).  The  survey-based method estimates values from responses  to a
questionnaire or  personal  interview.  The travel-cost-based method  esti-
mates demand  by observing users'  expenditures and distance  travelled in
pursuit  of  their activities.
Nonmonetary Impacts.  There  are some project effects for which  no
monetary value can currently be estimated  either in  the market or through  a
surrogate.  Examples  include benefits  associated with aesthetics  and with
many  aspects of  environmental quality.  Even though these  impacts  cannot be
expressed  in  traditional  value terms,  they  should be  a  part  of  the




Figure 8. The  Demand Curve and  Consumers'  Surplus
There  are  several  major  areas  of  environmental  concern  that are  often
impacted as  a  result of  water  project development.  A  selected  list
presented by Howe  (1971)  includes  the  following:
1. Water quality
2. Air  quality
3. Thermal  pollution
4. Preservation of  natural  and  wilderness areas
5. Preservation of features  of  scientific  value
6. Visual  and  landscape aesthetics
7. Preservation of  wildlife and  wildlife habitat
8. Noise pollution
The  incorporation of  environmental  and  other  nonmonetary impacts  into
project design  and evaluation  can  be best  accomplished by presenting
impacts  in  physically descriptive terms.  Positive as  well  as  negative
implications must  be described to gain  a  total  picture of  the ramifications
of a  project.  Although this adds  nothing to the evaluation of  economic
efficiency, it  does  provide additional  information by which  projects  can be
evaluated.
Summary
In  summary, the primary differences between  private  and  public sector
investment analyses are:- 23  -
1. The public  viewpoint  incorporates all  costs and  all  benefits to
whomever  they occur.
2. The public  sector discount  rate may be different than that  used
by  private firms  because  all  social  benefits and  benefits to
future generations need to be considered.
3. When market prices do  not accurately reflect what consumers or
users  are willing to  pay, private analysts use market prices  in
their  analyses, but  government analysts should evaluate the total
economic worth of  each  input  and output.
4. When  analyzing projects which  produce nonmarketable outputs,  the
government  analyst should attempt to  derive a  surrogate market
value for these outputs.  A  private  analyst is  interested only in
marketable outputs which  can contribute to profitability of the
investment.
Impacts  included.in the economic analyses  of  public  sector water
development projects can be divided  into four categories:  private direct
impacts,  public  direct impacts,  private secondary impacts,  and  public
secondary impacts.  Direct  impacts  are those values obtained from
project-produced  goods  and  services  and  accrue  from  the  project's physical
effect  on owners  and  users.  Secondary impacts  are realized through value-
added  activities  influenced  by the project  through economic rather than
technological  linkages.  Private dire.ct  impacts  are those which directly
affect private sectors  of  the  economy,.  such  as  farmers in  the case  of  irri-
gation development.  Public direct  impacts  are those which directly affect
the public sector,  such  as  project construction costs  if  the public  pays
for  project development.  Private  indirect  impacts  are those impacts which
accrue indirectly from project  development, such  as  increased purchases of
retail  trade  items  (e.g.,  bait,  tackle, water skis,  etc.  in  the  case of
impoundment  development for  recreation).  Increased tax collections
resulting from increased purchases of  goods  and  services are one form of
public  indirect benefits.  Intangible impacts, which cannot  be quantified
in  the economic  analysis, should be quantified  in  physically descriptive
terms and  be  incorporated into the evaluation process.- 24  -
CONCEPTUAL  DESIGN  OF  WATER DEVELOPMENT ANALYSIS
As discussed  earlier, public sector  water development  impacts have
four different  values--owner, user,  regional,  and  society.  Some of  the
costs  and benefits  resulting from project  implementation are  listed  in




COSTS AND BENEFITS OF  PUBLIC SECTOR WATER DEVELOPMENT
Costs  Benefits
User  Expenses to  Use  Net Gain in  Satisfaction/
Utility ($  Plus Consumer
Surplus)
Owner  Expenses to Acquire or  Net Returns on  Investment
Construct
Region  Public $  Outlays  Net Changes in  Tax Revenues,
Total  Business  Activity,
Employment, Personal  Income,
Negative Externalities  Positive  Externalities
Society  Public $  Outlays  Net Gains in  Satisfaction/
(State)  Utility
Of the four value types discussed  above (owner, user,  regional,
society),  we  are most  interested in  regional  and  societal  values  in  this
report.  Owner values are pertinent  to analyses  of  private  investments.
User values  are  important  to  public policymakers  but  are factored in
societal  values when appropriate in  the project analysis.  Even  though
emphasis is  placed on  regional  and  societal  values,  some  of  the dollar
flows of  owners and  users  are inputs  of  certain decision-making models.
Recreation Benefits
Recreation values  or  benefits are of  two  types:  those that accrue to
the  individual  and  those that accrue  to  society.  The Water Resources
Council  (1983)  suggests a  nine-step  procedure for  evaluating recreation
benefits  (Figure 9).- 25  -
Define  Study  Area
Estimate  Recreation  Resource
Determine  Without-Project Condition
. ~I_
Forecast Recreation  Use
Diminished  by Project
Estimate Value  of  Recreation
Diminished  by Project
Forecast  Recreation  Use
With Project
Estimate  Value  of Recreation
Use With  Project
Compute  Benefits
Figure  9.  Flowchart  of  Recreation  Benefit  Evaluation
Water  Resources  Council  1983)
Procedures  (U.S.
The two basic  types of  information  needed  to  evaluate recreation
benefits are  (1)  the  net  increase in  recreation activity expected from the
project  and (2)  the  amount project  users  would be willing to pay for the
increased recreation opportunities.  Several  techniques to estimate
expected  recreation  use are (1)  regional  use estimating models, (2)  site-
specific use estimating models,  (3)  application of  information from a
similar project,  and (4)  capacity method  of determining use  (U.S. Water
Resources Council  1983).
Regional  use estimating models are statistical  models that relate use
to the  relevant determinants based on data from existing  recreation  sites
in  the  study area.  The  site-specific use estimating model  relates  use to
distance traveled,  socioeconomic factors, and  characteristics  of  the  site
and alternative  recreation opportunities.  Both methods require a
considerable amount of  data collection and  analysis.
If  regional  or  site-specific models are not available and  cannot be
estimated  because of  data  limitations,  then  use can be  estimated by the
"similar  project"  method.  This technique  assumes recreation  demand for a
proposed  project  can  be estimated from observations of  visitation patterns
at  similar,  established recreation  sites.  If  this method  is  used,  it  is
important that the  sites  be matched  as  closely as  possible in  regards to
type,  size, and quality of  the site; market area's demographic and
socioeconomic characteristics;  existence and  location of  competing
recreation  opportunities;  and  other variables that  influence demand.  If
data  are unavailable and  not  cost effective to  obtain for  the  above- 26  -
methods,  and it  can be demonstrated that sufficient excess  demand exists  in
the market area, then  use may be  assumed to  be equal  to capacity  supplied
by the  proposed project.
The next step  of  assigning a  value  to the recreation experiences  is
not  an easy task for the water resource  analyst.  Individual  or  private
benefits  are quantified in  terms  of  increased utility or personal
satisfaction enjoyed  by recreation  participants.  The benefits to society
are quantified by  aggregating  individual benefits  and should be a  measure
of the  total  net  value attributable to  the recreation experience.
Techniques to quantify private  recreation benefits  include
(1)  interim unit-day values,  (2)  expenditures, (3)  contingent value
approaches,  and (4)  travel  cost  techniques.  All  methods  attempt  to measure
what recreation participants  are willing to pay for  project services.
The interim day procedure relies on a  fixed value  per recreation day
selected from a  range of  values  provided  in  the Water Resource Council's
Principles and  Standards.  These  values are meant to approximate the
average willingness to  pay as  judged by planners who  select the value.  All
of  the procedures have weaknesses, but  the  interim unit-day approach is
probably the weakest.  The  artificial  range of values will  rarely
approximate the  appropriate estimate of recreation benefits,  and  these
values cannot adequately reflect the  real  differences  between values of
recreation for alternative sites  and activities.
The expenditure method attempts to measure the  value of  recreation to
the participant based  on the total  amount of  money spent  on  recreation.
These expenditures usually include  travel  expenses,  equipment costs,  and
expenses  incurred  at  the recreation  site.  This  approach  indicates  the
amount of  money spent for recreation  activities but does not  indicate the
value or  true  net worth  of  the recreation  opportunity.
An analogy would be to  argue  that the  cost of  planting,  harvesting,
and transporting an  agricultural  crop is  an  indication of  the crop's value,
which  is  not  true.  The  value of the crop is  actually the residual  payment
to the  land  after  all  other costs of  bringing a  product  to market  are
deducted from the final  product price.
The gross economic value of  a  recreation experience is  composed of
(1)  total  expenditures by recreation  participants, and  (2)  the value  over
and  above actual  expenditures that  recreationists would be willing  to spend
for the  recreation experience.  These  two components  provide a  measure of
the  recreationists'  total  willingness to pay.  However, only the
willingness to  pay in  excess of  actual  expenditures ("net  willingness to
pay" or  "consumer's surplus") can  be considered the net value of  the
recreation experience (Figure 10).  The actual  expenditures  indicate that
recreation participants value  project services  as much  as  other things they
More information on  the application of  economics to  outdoor
recreation can  be found in a report  compiled by Hughes and Lloyd (1977).- 27  -
could have purchased for the same  amount.  However, if  project services
were not  available,  these expenditures would  simply be redirected for  other






Figure  10.  Theoretical  Demand  Curve  Showing  Relation  Between  Actual
Recreationist's  Expenditures and  Consumer's  Surplus
Contingent value  approaches  include various  ways of  asking recreators
or  potential  recreators  their estimates of  value.  The two most popular  are
willingness to  pay  and willingness to  sell  the  right to participate  in  a
particular activity.  Situations are often  posited wherein the  respondent
can choose from a  range of  values or  activity  options.  These  approaches,
when applied properly, capture  the entire private benefit of  recreation
experiences to  participants.
The  travel  cost  technique uses the  actual  travel  cost  to  and from a
site plus  time cost  incurred  during the  travel  as a  proxy for  the price of
the recreation  service.  The  assumption is  that if  a  person is  willing to
sacrifice $30 to  go  300 miles for a  given recreation  activity, they would
be willing to  pay a  $10  entrance  fee if  the  same opportunity were 100 miles
closer (assuming travel  costs were 10  cents  per mile).  This  approach has  a
strong theoretical  basis,  but  its use  is  limited  by the expense of
gathering necessary information  and  the  availability of  substitutes.  The
population of  concern must be surveyed,  and  considerable analysis is
required to  arrive  at  defensible values.  However, this method captures the
entire amount of  consumer satisfaction from an  experience, including con-
sumer's  surplus.
None of  these  techniques is  especially suited  to  state-level  water
project analysis.  They are either conceptually weak or  are intractable.- 28  -
Therefore, a  general  rule of  thumb for  incorporating recreation benefits  is
needed.  Leitch and  Kerestes  (1982)  found that  licensed  sportsmen in  North
Dakota placed a  personal  daily value  on  their  activity four times  greater
than  their variable expenditures  and 1.4 times  greater than  their total
expenditure.  If  we assume  the demand curve for outdoor  recreation activity
is  normal,  i.e.,  neither perfectly elastic  (no  consumer's  surplus) nor
perfectly inelastic  (infinite consumer's  surplus),  then  the  net  activity or
satisfaction  can  be approximated.  A  conservative estimate of  the  level  of
consumers'  surplus  (i.e.,  true  net  worth) for outdoor recreation is  thus 40
percent  of  total  daily expenditures.
This approach can  be further supported  if  we view outdoor recreators
as  producers  as well  as  consumers.  Recreation participants use  inputs
(e.g.,  gasoline,  time, food,  equipment, etc.)  to "produce" a  recreation
experience much  like  a  farmer uses  certain  inputs  (e.g.,  fuel,  labor, seed,
etc.)  to produce a  crop.  Thus, the distinction between consumer's  surplus
(i.e.,  the difference between  what consumers are willing to  pay and  what
they have to  pay in  the market) and producer's  surplus  (i.e.,  profit) is
blurred when  addressing recreation  benefits.
Irrigation Benefits
Irrigation benefits  are typically pure private goods,  and  therefore
irrigation  projects can be evaluated from a  private  investment  analysis
perspective.  Users can  be excluded, and  the cost of  additional  users is
generally greater  than zero.  A  clear definition of  the values and/or bene-
fits  of  public sector irrigation development is  difficult.  Arguments arise
when attempting  to  quantify the return  to  water supplied  by the project.
Benefits of  irrigation  can  be no  greater than  the  total  net  increase in
agricultural  returns per unit  of  land served.  However, there are addi-
tional  inputs  to irrigated  lands that demand payment  as  well.  Management,
for example, is  more intense  and  should be rewarded with a  portion of  the
added return.  If  forage crops are  irrigated then fed to dairy  cattle, a
significant  portion of  the benefit can  be attributed  to the enterprise
change.
For the  sake  of  simplicity, an  upper  limit of  the benefits of
irrigation is  the  net increase in  crop production  revenues  on  irrigated
lands.  Conceptually, irrigators  should be  able to  repay the  costs of
irrigation projects  with these added  revenues.  It  remains a  political
choice whether or  not to  classify these private benefits  as  social  goods
and  not require beneficiaries to repay costs.  From  an  economic  analysis
standpoint the  net gain in  productivity on  irrigated lands  should be
treated  as  the benefits to  irrigation regardless of who  ultimately pays the
cost.
Drainage Benefits
Public drainage projects  serve both public and  private  sectors.
Public benefits  arise  in  damages  prevented to public  lands,  structures, and
transportation systems.  Private sector benefits arise  in  damages  prevented- 29  -
and  also  in  enhanced  use of  drained lands.  Unlike flood  control,  certain
elements of  drainage projects  are pure private goods while  some  remain
public.  A  main drainage ditch,  for example, can  generally accommodate an
additional  user  at  zero added cost.  However,  users can  be excluded  by  law
from using the ditch, or assessed  a  fee for  its  use.
Agricultural  drainage benefits can  be divided  into two categories,
depending on  whether there is  a  change  in  cropping patterns.  Damage.
reduction benefits  are  the  increases in  net  income that occur where there
is  no change in  the cropping pattern between the  with-  and  without-project
conditions.  Intensification benefits are those that accrue on  lands where
there is  a  change  in  the cropping pattern.  Both  damage reduction benefits
and  intensification benefits  can  be measured  by farm budget analysis.
These procedures  are presented in  greater detail  in  guidelines published by
the U.S.  Water Resources  Council  (1983).
In  theory, drainage  assessments  can  be made that equitably assess
costs of public drainage  projects across  beneficiaries according to benefits
received.  If  this is  the case, a  drainage project  can  be evaluated purely
on an  investment  analysis basis--Are the users  able  to repay project  costs?
However, in  cases where assignment  of  benefits  is  not clear nor politically
feasible, a  portion  of  the private benefits is  normally assumed  to be
public or  social benefit.  Meeting one or more of  the definitional  criteria
'for  public goods,  the provision of  drainage services falls  under social
benefits.
Flood Control  Benefits
Flood control  values  are the dollar values of  flood damages prevented
by  flood control  structures or  other nonstructural measures.  Flood damages
are averted  in  both  the public  and  private sector.  Public sector benefits
are clearly  (by definition only) public  goods and  should be valued  in  terms
of  dollars saved  to  the public  sector.  Examples  are dollars  saved  from not
having  to repair flood-damaged roads  and  bridges;  dollars saved  from
government  personnel  costs by not  having to  prepare for  an  expected flood,
during a  flood,  and  postflood cleanup;  and  dollars  saved from averted
damages  to public buildings during floods.
Private  sector benefits are  a  type of  private  good in  that each
individual's  benefit can  be quantified in  dollar  terms,  similar to
quantifying public sector benefits.  However, most  private sector benefits
have  at  least  some characteristics of  publicness,  especially those benefits
that, once  supplied to one person, cannot  be withheld from another person.
In  other words, if  flood control  is  provided for one group  of  individuals
in a floodplain, an  additional  resident cannot be excluded from benefiting
and  the marginal  cost of  serving another resident is zero.  Therefore, most
private  sector benefits can  properly be  included as  public goods  or  as
social  benefits.
The U.S. Water Resources  Council  (1983)  lists  ten  steps in computing
benefits from flood control  (Figure 11).- 30  -
Figure 11.  Flowchart  of  Urban Flood  Damage Benefit Evaluation Procedures
(U.S. Water Resources Council  1983)
One  conceptual  problem with  valuation of  flood  control  benefits  is
how to  assess development following the flood control  project.  Typically,
development in  a  floodplain after installation of  flood  control  structures
is  not counted as a  benefit of  the project.  Flood  control  benefits, both
public  sector and  private  sector,  are  social  benefits,  but only to  the
extent  of  preproject development.
Economic Decision-Making Models
Project economic  analysis  is  only one  step in  comprehensive project
planning and  it  is  only one of  several  criteria involved  in  accepting,
modifying, or  rejecting a  proposal.  In  addition to the four stated
objectives of  the Water Resources Council  (economic efficiency, regional
development, environmental  quality, and  social  well-being), politics play a
major role  in  project planning.  However, only three of  these objectives--- 31  -
economic efficiency, regional  development, and  social  well-being--will  be
discussed in  this project  analysis context.  Each objective will  be
explained  separately in  the form of a  decision-making model.
Economic Efficiency Decision-Making  (B/C) Model
Only regional  and  societal  values are directly considered  within the
context  of  public sector economic efficiency:
User  - Irrelevant,  indicated  by choices assuming  perfect
competition.
Owner  - Irrelevant,  indicated by choices  assuming perfect
competition.
Regional  - Are benefits  to  the region greater  than costs to  the region?
Society  - Are benefits  to the  state greater  than costs to the  state?
(state)
A regional  economic  efficiency model  views  project costs, benefits,
and  associated  impacts from the perspective of  regional  public decision
makers.  These may be county commissioners, water management district
directors, state  legislators  with constituents in  the  region,  or  multi-
county boards,  or commissions.
Typically, in  regional  analyses,'  direct  costs  borne by  local
jurisdictions are compared  with direct benefits  received by  individuals and
savings of  tax outlays  by the  local  taxing jurisdiction.  Cost-sharing by
state or federal  agencies would not typically be included  in  these  analyses
by  local  decision makers.  Thus, from a  local  or regional  perspective, a
B/C  analysis only represents a  portion of  the  total  benefits  and  costs.
A  societal  (state-level)  economic  efficiency decision-making model
views  project  costs,  benefits, and  associated  impacts from the  state's
perspective.  Society's  (the  state's) cost  includes  all  dollar costs of
construction, operation, maintenance, and, when  quantifiable, external
costs.  Benefits include  all  dollar  returns to  the project, from  the values
of  recreation  and  flood control,  to  project revenues  such  as  payments  for
water, user fees,  or tax  levies  to  retire construction debts.
State-level  public sector  analyses  differ from private  sector
analyses in  that benefits of extramarket goods are  included.  These include
values  or benefits that  do  not generate actual  dollar flows  (such  as  exter-
nalities) but  nevertheless  are project impacts.  In addition, the  public
sector makes expenditures for  society and  does  not expect  to recover all
outlays on  projects  that  provide public goods.  Public sector water project
development costs  are  "repaid" in returns to  society, some of  which  remain
unquantified.
There are  several  economic efficiency criteria which  can be  used  in
accepting or  rejecting projects after all  benefits  and costs  have been- 32  -
addressed.  The basic measure  of  economic gains  (or  losses)  from a  project
can be expressed in  the form of  present value  of  net benefits  (PV)  or in
the form of  a  benefit/cost  ratio.  Present value of  net benefits is  the
difference between  the present value  of  benefits  and  the  present  value of
costs  (B  minus C).  The  simplest form of  the benefit/cost  ratio is  the  pre-
sent  value  of  benefits divided by the present value of costs  (B/C).
With  an  unlimited budget, it  would be desirable  to  implement  all
projects for which the PV  is  greater than zero or  the  B/C is  greater than
one.  However, when the budget is  sufficiently limited  so  that not all  of
these projects  can  be undertaken,  then different  criteria should  be used.
In  these cases where capital  is  a  restraint, present value  of  net  benefits
over  capital  investment  (PV'/k) would be  preferred in  setting priorities,
where PV'  is  total  benefits minus operation  and maintenance costs.
The  internal  rate  of  return  (IRR)  is  another criterion which has  been
used  to  rank  projects.  It  is  defined  as  the  rate of  return (or  discount
rate)  that makes  present value  of  net benefits  equal  to zero.  The internal
rate  of  return  is  the most difficult  to  use  and  it  might  lead to an
incorrect  ranking of  projects  when time paths  of  benefits  and  costs  are
quite different.  Consequently, this technique has  fallen into disfavor for
evaluating natural  resource investments.
Table 2  summarizes some important  characteristics  of each technique.
The different  strengths  of  the procedures  suggest  that  more than  one
technique  should be  used in  project analysis.  This report will  focus on
the use of  present value  of  net benefits and  the  benefit/cost ratio in  the
economic efficiency decision-making model.
TABLE 2. CHARACTERISTICS OF  ECONOMIC  EFFICIENCY  CRITERIA
Characteristics  PV  B/C  PV'/k  IRR
Discount rate determined  Externally  Externally  Externally  Internally
Measure of volume  Yes  No  No  No
Breakeven point  0  1  1  Selected
rate of
return
Difficult to calculate  No  No  No  Yes
Usefulness  in  ranking  Yes,  when k  Has the most  Yes  Yes,  if
projects  is about  weaknesses  the  time
equal for  path of




projects- 33  -
Figure 12  illustrates  the relationships among the four value types,
the economic efficiency criteria (benefit/cost ratio),  and  the perspectives
of public versus  private sector investment  analyses.  Although a  public
water project will  likely  have positive secondary economic impacts,  they
are  not  included  in  a  state-level  economic  efficiency decision-making
model.  This  is  because  negative secondary effects may also be  present in
other  areas of  the  state because money must  be withdrawn from the  private
sector  (taxes)  to  finance the public  project.
WATER DEVELOPMENT  PROJECT
Inputs  Outputs
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Costs  Benefits  Costs  Benefits
Public Investment Analysis  Private Investment Analysis
(state-level)
aproject construction costs  include  land acquisition, construction
materials, permits, easements,  site preparation, engineering design,
construction  labor, contingencies, equipment and machinery, fringe bene-
fits associated with construction and  administrative  labor, administrative
expenses,  interest,  expenses  during construction, and  legal  costs.
broject  use/operation costs  include operation, maintenance,  and  replace-
ment (OM&R) costs  (e.g.,  wages  and  salaries, fringe benefits, machinery
and equipment  repairs  and  maintenance, supplies,  administrative expenses,
power and  fuel,  communications, and  insurance),  and  user fees.
cProject benefits may include  increases in  net farm income  as a  result of
drainage or  irrigation, reduction  in  flood damages  as a  result of  flood
control,  and  increases  in  recreation  opportunities.
Project Analysis Based  on  Economic  Efficiency Criteria
p.' 1 I~I~ .- I
Figure  12.- 34  -
Regional  Economic Activity Decision-Making Model
User and owner values are not directly considered in  a  regional
economic  activity model:
User  - Irrelevant
Owner  - Irrelevant
Regional - What  are the direct  and  secondary regional  impacts of
project implementation?
Society  - Only  interested in  comparing alternatives  and regions  for
(state)  goals other than economic  efficiency (e.g.,  income
redistribution or  regional  development)
The  regional  economic activity model  considers the direct  and  secondary
economic  benefits from a  regional  perspective.  Secondary  impacts  can be
divided  into two  groups:  1)  increases in  regional  economic activity
resulting from project.services  and 2)  increases  in  regional  economic
activity from construction expenditures.  The  secondary economic  impacts
are  estimated by  using the North  Dakota  input-output model  (Coon et  al.
1984)  and  are measured in  terms  of  increases  in  total  business  activity
(TBA), personal  income  (PI),  and  employment in  the  regional  economy.
Total  business activity is  the  total  value of  sales that occur in  the
economy  for a  given  amount  of  sales  of  final  product.  Personal  income
measures  the wages  and  salaries  received by  individuals in  all  sectors of
the economy resulting from business activity and  is  a  part  of  the total
business  activity.  Employment is  the number of  jobs directly or  indirectly
supported by the  increases in  TBA.
Since  this decision-making model  is  based on  a  regional  perspective,
only "new" or "external"  money (i.e.,  money originating from outside  the
region)  or money no  longer  exported out of  the region should  be used  in
estimating secondary effects.  For example, consider a  reservoir  created
for  local  users.  Although local  entities may have paid part  of  the
construction costs,  their  share may not  represent  "new" money to  the
region.  In  contrast,  the money contributed by  the state or federal  govern-
ment is  considered "new" money to the  region  and is  used to estimate  secon-
dary impacts.
This same  logic  can be  used to explain  increases  in  regional  activity
resulting from project  services.  It  can  be  argued that money spent by
local  users  of  a  recreation facility is  not  "new" money to the  region  since
recreationists may be only shifting from one  type of recreational  activity
to another  (e.g.,  golf  to fishing).  These  changes  in  participation cannot
be called net  gains  to the region.  However, if a new reservoir attracts
users  to  the  site  who  would  have  spent  money  at  an  alternate  site  outside
the  region,  then  this  money  is  considered  "new"  and  is  used  in  assessing
secondary effects.  These concepts  are presented in  greater  detail  in the
Regional  Economic Activity Models  illustrated  in  Appendix B.- 35  -
Social Well-Being Decision-Making Model
The ultimate  decision-making model  considers  all  values  taken from
society's perspective:
User  - Irrelevant, only interested  as  a  member of  society
Owner  - Irrelevant, only interested  as  a  member of  society
Regional  - Irrelevant, regional  development perspective is  more
important
Society  - Consider  all  criteria with  the ultimate decision being a
(state)  function of  weights placed on each  criteria.  For example,
economic efficiency (e.g.,  B/C) is  only one  indicator.
Contribution to regional  development, income redistribu-
tion,  and  environmental quality should also be  considered.
While some components of the  social  well-being decision-making model
can  be quantified  (e.g.,  economic efficiency and  regional  secondary
impacts),  others are more difficult to measure (e.g.,  environmental  quality
and  income  distribution).  Therefore, public  decision makers must decide
relative weights  of  components in  arriving at a  final  decision  regarding
project  development, modification,  or  rejection.
Consider an  example where  public investment  of  $100,000 would yield
$120,000  in  benefits  in  Region 1  where  the average personal  income is
$30,000,  and  $100,000 would yield $110,000  in  Region 2  where  the average
income is  $15,000.  The economic  efficiency criteria would  suggest allo-
cating funds  to Region 1. However, if  income  redistribution  is  a  program
objective,  then  investment in  Region 2  may be preferable.  Figure 13
illustrates  how all  these  components of  project  analysis are considered in
the  final  decision.- 36  -
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Economic  Efficiency


















Society's Decision  Maker
Elements  of  Decision Making in  Public Sector Water Development
*
Figure.  13.- 37  -
CASE  STUDIES
Economic concepts and  analytical  techniques have been  presented to
this point  with  little reference  to  specific  water projects.  Two  case
studies  are presented in  which actual  North Dakota water projects  are
evaluated  to  illustrate  the  analytical  approaches.  The case  studies
include a  recreation  and  flood control  project--Dead Colt Creek,  and a
drainage  project--Emrick Drain.
Dead Colt Creek Dam
In  April  1977,  the  North Dakota State Water Commission entered  into
an  agreement with  the Ransom County Water Management District  to  investi-
gate the feasibility of  constructing a  recreational  dam  and  associated
public use  area.  The  dam would be on Dead Colt Creek  approximately four
miles southeast  of  Lisbon,  North Dakota (Figure 14).
The dam and  resulting  reservoir would provide  local  residents with
opportunities for boating, fishing, picnicking,  swimming, and outdoor
sports.  In  addition, the proposed dam would  retain flood waters  and  would
therefore help reduce downstream flooding  along the  Sheyenne River.
Dead Colt Creek dam project was a  two-phased  effort.  The first  phase
was construction of  an  earthen dam 80 feet  high and 800 feet  long.
Construction began  in  May 1983  and was finished  in  December  of  the same
year.  The reservoir is  about 1,000 feet wide  and one  and  one-half miles
long,  and  covers approximately 120  acres with  an  average water depth  of 18
feet.  The reservoir is  large enough  to accommodate fishing,  boating, and
water skiing.
Phase two of  the project was  development of  onshore recreational  areas.
Recreational  facilities include a  fishing pier, two boat ramps,  swimming
beach, picnic shelters and  tables, grills, playground equipment, and  a
camping area.
Economic Analysis
This  economic  analysis compares the beneficial  effects with the
adverse effects as  they relate to the State of North Dakota and the  impacted
region (Figure 15).  The  anglysis is  based  on a  7  percent discount  rate
and a  50-year project  life.  The year of  project construction,  1983, will
be considered Year 0  and  all  values are expressed in  constant 1983 dollars.
Project Costs.  Monetary costs  associated with  the Dead  Colt Creek
project  are (1)  construction costs  and (2)  operation, maintenance,  and
replacement costs.
3Seven  percent was  selected  for illustration of  the procedures  and
does  not necessarily represent the "correct" discount  rate.- 38  -
Figure  14. Location of  the Dead Colt Creek Dam
State Planning Region Impacted by  the Dead Colt  Creek Project Figure  15.- 39  -
1. Construction Costs--Total  cost for dam construction, recreation
facilities,  and  land was $1,978,000.  Cost was allocated  to project
participants as  shown  below.
Federal  $179,000
State Water Commission  519,200
State Outdoor Interagency  182,400
Red River Joint Board  500,000
Local  597,400
TOTAL  $1,978,000
2. Operation, Maintenance, and  Replacement (OM&R) Costs--OM&R costs
were estimated to be $10,000  per year.  Present value  of this  stream of
costs would  be $130,000 over  the  lifetime of  the project  (based on  the 50
year project  life and 7  percent discount rate).  The Ransom County Water
Resource District is  responsible for project  operation and maintenance.
3. Summary of  Costs--Total  direct  costs are $2,108,000 as  summarized
below.
Summary of  Project  Costs
Item  Capitalized Impact
Construction Costs  $1,978,000
OM&R Costs  130,000
Projects  Benefits.  Monetary benefits  resulting from Dead  Colt Creek
Dam include (1)  direct user benefits, (2)  increases from project services,
and  (3)  increases from construction expenditures.
1. Direct  User Benefits--Direct  user benefits  include benefits
accruing from  recreation and flood control.
a. Direct Recreation Benefits--Recreation  benefits  are the
increases in  recreational  use value for  swimming, fishing, pic-
nicking, and  other recreational  activities  that occur  as a  result of
the project. Two types  of  information  are needed  to estimate
recreation benefits:  (1)  an  estimate of  recreation visitation to the
reservoir (user days) and (2)  an estimate of  the net value  of the
recreation experience to  the user.
An ex ante economic  analysis by the North Dakota State Water Commission
(1980)  estimated the project would generate 58,682  recreation days
in 1980, 64,385  in  2000, and 62,500  in  2020 (Table 3).  The  unit-day
value  (UD )  method was  then  used to estimate the value  of recreation
benefits.  A recreation day of  fishing had an  estimated value of
$2.88.  All  other activities  had a recreation day value  of  $2.61.
Annual  benefits were estimated  to be $158,955 in  1980, $173,410  in
2000, and  $168,299  in  2020.
4See  section  on  valuing  recreation  discussed  earlier See  section  on  valuing  recreation  discussed  earlier.- 40  -
TABLE 3. ESTIMATED RECREATION DAYS PER ACTIVITY AS A
OF  THE DEAD COLT  CREEK DAM
CONSEQUENCE
Year
Activity  1980  2000  2020
- - recreation  days  - -
Canoeing  895  1,249  1,204
Fishing  16,695  16,465  15,876
Ice Fishing  4,770  3,407  3,285
Swimming  7,751  9,084  8,759
Camping  14,906  19,871  19,161
Picnicking  8,417  8,417  8,417
Hiking  3,280  3,280  3,280
Sailing  179,  341  328
Other  1,789  2,271  2,190
Total  58,682  64,385  62,500
SOURCE:  North Dakota State Water Commission, 1980.
In  this analysis,  recreation  visitation to  the  reservoir is  estimated
by examining visitation occurring at  a  similar, established  site--
Beaver Lake State Park.  This  park is  located on  the west shore of
Beaver Lake, 17  miles  south of  Napoleon, North Dakota.  Park
activities  include swimming, fishing,  boating, playground, pic-
nicking,  and camping.  Annual  visitation to Beaver Lake State Park is
approximately 25,000 "composite" recreation  days each year (Mittleider
and Leitch 1984).  A  composite recreation  day includes  all  activities
associated with  the water project.  This figure will  be  used  as the
visitation  estimate for the Dead Colt Creek project.
Recreationists visiting Beaver Lake State Park  spent  an  average of
$14.67  per day (Mittleider and  Leitch 1984).  Eighty-four percent of
the  expenditures occurred in  the  retail  sector and  16  percent in  the
business and  personal  service sectors.  In  this analysis, the net
value  of recreation  benefits  is  estimated  to  bg approximately 40
percent of  total  recreationists' expenditures.  Therefore, total
direct recreation  benefits resulting from the  Dead Colt Creek project
are $146,700  per year (0.40 x  $14.67/day x  25,000 days/year).  The
discounted value of  this stream of  benefits over  the 50-year  project
life would be $2,024,600.
b. Direct Flood Control  Benefits--Flood  control  benefits  are the
expected damages without  the  project  less the  actual flooding damages
with the project.
5See  section on  estimating recreation  benefits.
6 See  section  on  estimating flood  control  benefits.- 41  -
The  U.S. Army Corps of  Engineers conducted  an  economic analysis of
flood control  benefits  associated  with Dead Colt Creek Dam.  They
estimated  that Dead Colt Creek  Dam would  provide a  3  percent  reduc-
tion in  total  Sheyenne River  flood damages.  This damage reduction
was  estimated to be worth $130,000  per year  or a  present value of
$1,794,100  over the  50-year  life of  the project.  The  lands benefited
would include  about 23,400 acres  of  cropland  and  100  acres of  urban
land.
2. Increases from Project Services--The secondary economic  impact of
the Dead Colt Creek  project is  the  effect of  increased  levels of
expenditures made  by recreationists  on  the regional  economy.  The effects
of  increased  expenditures were measured in  terms  of  increases in  total
business activity, personal  income, and  employment in  the  regional  economy.
Secondary  impacts are not  estimated for the flood control  portion of
the project since no  increased levels of  spending can  be  accurately
attributed to this component.  Secondary impacts  are  not estimated for OM&R
expenditures  since these costs  are paid  by local  or regional  entities.
Estimated business  activity generated each year in  each sector of  the
region's economy  as a  result of  expenditures made  by recreationists using
the project  are indicated in  Table 4,  along with employment in  each  sector
attributable  to  these expenditures.  Row  12  of  Table 4  represents  the
household sector, which is  the  personal  income generated  by  recreationists'
expenditures.  The  annual  increase  in  tota)  business activity generated by
expenditures of  project  users  is  $803,00.  This  includes total  direct
expenditures of  $366,750 (25,000 recreation  days x  $14.67/day) plus
secondary effects.  Present  value  of  this  stream of  benefits would be
$11,082,000  over the  life time  of the  project  (based on  the 50-year  project
life  and 7  percent discount rate).
The  annual  personal  income  generated in  the  region  as a  result of
recreationists' expenditures is  $166,000  (Table 4,  Row 12).  The present
value of  this  income  stream is  $2,291,000.
Expenditures by project  users  directly and  indirectly contribute to
employment  in  various  sectors  of  the  economy.  For example, even  though
recreationists did  not  spend  any money directly in  the professional  and
social  service sector (Table 4,  Row 11),  $12,000  worth of business occurred
in  that  sector.  This  amount of  business activity in  the professional  and
social  service sector is  enough to support  the  employment of  one
individual.  All  expenditures by users  of  the  Dead Colt Creek  project would
support  the employment  of  16  people  in  the economy.
7This is assuming that  all  expenditures  represent new money to  the
region.- 42
TABLE 4.  TOTAL BUSINESS ACTIVITY AND EMPLOYMENT BY  SECTOR AND
PERSONAL  INCOME GENERATED  BY  RECREATIONISTS' EXPENDITURES, DEAD
COLT CREEK PROJECT  (1983 DOLLARS)
Economic Sector  Total  Business Activity  Employmenta
1.  Ag, Livestock  $  29,000  b
2.  Ag,  Crops  11,000  b
3.  Mining  1,000  b
4.  Contract
Construction  14,000  1
5.  Transportation  4,000  b
6.  Communications &
Utilities  23,000  b
7.  Ag  Processing &
Misc.  Mfg.  15,000  b
8.  Retail  Trade . 419,000  6
9.  Fin.,  Ins., &
Real  Estate  24,000  b
10.  Bus.  &  Personal
Service  68,000  6
11.  Prof. &  Social
Service  12,000  1
12.  Households  166,000
13.  Government  17,000  2
TOTAL  $803,000  16
bEmployment  in  each  sector
Less  than 1.0.
was  estimated using gross  productivity ratios.
NOTE:  Row 12,  Households,  represents personal  income.
Annual  recreationists' expenditures were $366,750.  Eighty-four
percent  of  the expenditures occur in  the  retail  sector  and 16
percent in  the business  and  personal  service sector  (Mittleider and
Leitch 1984).
3.  Increases from Construction Expenditures--The  economic  impact of
construction of  Dead  Colt Dam is  the  effect  of  an  increased  level  of
spending during the construction period on  the  regional  economy.  Effects
of the  additional  levels of  spending were measured in  terms of  increases in
total  business  activity, personal  income,  and  employment.  Only funds
contributed from outside the region  are used  to estimate  these  impacts.
These  impacts  occur only once,  at  the  time  of  construction, unlike  the
increases from project  services which  occur throughout  the  lifetime of  the
project.- 43  -
Total  construction expenditures by  sources outside of  the region were
$880,600.  These  expenditures generated  $2,150,000 in  total  business
activity in  the  region  (Table 5).  The  personal  income generated  as  a
result  of  construction expenditures is  $536,000  (Table 5,  Row 12).  These
expenditures were  indirectly responsible for  employing 50  people in  the
economy.  Most  of  this employment occurred  in  the  construction sector.
TABLE 5. TOTAL BUSINESS ACTIVITY  AND EMPLOYMENT BY  SECTOR AND PERSONAL
INCOME GENERATED  BY  CONSTRUCTION EXPENDITURES, DEAD COLT CREEK  PROJECT
(1983 DOLLARS)
Economic  Sector  Total  Business Activity  Employmenta
1.  Ag,  Livestock  $  30,000  b
2.  Ag,  Crops  12,000  b
3.  Mining~  26,000  b
4.  Contract  925,000  34
Construction
5.  Transportation  9,000  b
6.  Communications  53,000  1
&  Utilities
7.  Ag  Processing &  18,000  b
Misc. Mfg.
8.  Retail  Trade  361,000  5
9.  Fin.,  Ins., &  73,000  b
Real  Estate
10.  Bus. &  Personal  25,000  2
Service
11.  Prof. &  Social  36,000  3
Service
12.  Households  536,000  b
13.  Government  46,000  5
TOTAL  $2,150,000  50
aEmployment in  each  sector was  estimated using
Less than  1.0.
gross  productivity ratios.
NOTE:  Row 12,  Households, represents personal  income.
Construction expenditures by sources outside  of the region were
$880,600.  These expenditures occurred  in  the contract  construction
sector.
8 This is  assuming that all  construction expenditures were spent
within the  region.- 44  -
Economic  Efficiency and Regional  Economic Activity Models
The economic efficiency model  estimates  the  net  economic effect on
the state.  The  regional  economic  activity model  measures  the increase in
regional  economic  activity as a  consequence of  the Dead  Colt Creek project.
1.  Economic  Efficiency Model  (EEM)--Total  project benefits under the
EEM are $3,818,700 (Table 6).  Only the direct  user benefits (i.e.,
recreation and flood control)  are  considered in  this model  since  any
positive secondary  impacts in  the  region may be  netted out by negative
secondary  impacts occurring in  other  parts of  the  state.
TABLE 6. ANALYSIS OF BENEFITS AND COSTS USING THE  ECONOMIC





















Total  project  costs under the  EEM
construction,  land,  and  OM&R costs  paid
entities.  The  benefit-cost ratio using
are $2,108,000.  This  includes  all
by federal,  state,  and  local
the  EEM is  1.8:1.
2.  Regional  Economic Activity Model  (REAM)--One interest in  devel-
oping recreation  projects  is  to contribute  to general  well-being.  This
includes the  economic health  of  communities in  addition to providing
increased opportunities for  citizens to participate in  recreation activi-
ties.  Therefore, another method which  can  be used  to evaluate water proj-
ects  is  to  compare  the increases in  regional  economic activity that would
be  associated with  alternative projects.  Total  business activity  (TBA)- 45  -
generated by the Dead Colt  Creek  project is  $13,232,000  (Table 7).  This
includes  direct expenditures  plus  associated  secondary impacts.  Total  per-
sonal  income (PI)  (which is  a  part  of  total business  activity) generated
over the  life time  of the project  is  $2,827,000.
TABLE 7. INCREASES IN  REGIONAL  ECONOMIC ACTIVITY, DEAD COLT CREEK
PROJECT (PRESENT VALUE IN  1983 DOLLARS)
Capitalized Impact
Item  TBA  PI
Increases from Project Services  $11,082,000  $2,291,000
Increases from Construction Expenditures  2,150,000  536,000
Totals  $13,232,000  $2,827,000
Emrick  Legal  Drain
The Emrick watershed is  in  the Drift Prairie region of  Wells County,
'North Dakota.  The  area economy is  structured around agriculture.  Most of
the  land is  productive farmland, producing small  grains and  row crops.
Flood problems  have been  evident for many years  within this  watershed  and
poor surface drainage  has hindered farming operations.  The Emrick  Drain
project was designed  to  provide an  outlet for runoff from the 21-square
mile Emrick watershed  (Figure 16).
Economic Analysis
This economic analysis  compares the  beneficial  effects with the
adverse effects  as  they  relate to  North Dakota  and  the impacted region as a
consequence of  Emrick Drain  (Figure 17).  The analysis  is  based on a
7  percent discount rate  and a  50-year  project  life.  The year of  project
construction, 1983,  will  be considered year 0  and  all  values are expressed
in  constant 1983 dollars.
Project Costs.  Monetary costs  associated with  the Emrick Drain are
(1)  construction costs  anrd  (2)  operation, maintenance, and  replacement
costs.
1.  Construction Costs--Construction cost  of  the main project features
was $170,000.  This cost was  allocated to project participants as  shown
below.
State Water Commission  $  46,200
Local  (by assessment)  123,800
TOTAL  $170,000- 46  -
Figure  ] Location of  the
State Planning Region Impacted by  the Emrick Legal  Drain Figure  17.- 47  -
2. Operation, Maintenance,  and Replacement Costs  (OM&R)--Periodic
maintenance of  drainage  ditches is  required  to maintain their function  and
to extend  their useful  life.  Estimates of  the cost of  ditch maintenance
range from 3  percent of  the  initial  cost  per year assuming a  15-year  life
(U.S.  Soil  Conservation Service 1978) to one-third  of  the original  cost
every seven years  (Goldstein 1967).  OM&R costs for  the Emrick Drain  were
assumed  to be $8,000 per year for the  life of  the project  (50 years).  It
is  assumed that these  costs will  be paid by  landowners benefiting from
project features.
3. Summary of  Costs--Total  direct costs are $280,400 as  summarized
below.
Summary of  Project  Costs
Item  Capitalized Impact
Project Construction Costs  $170,000
OM&R Cost  110,400
Beneficial  Impacts.  Project monetary  impacts are (1)  direct user
benefits, (2)  increases from project  services,  and  (3)  increases from
construction expenditures.
1. Direct User Benefits--Direct user benefits are the  increases  in
net farm income  due to drainage under future conditions with the  project as
compared to  without the project.  Net farm income without the drainage  pro-
ject  is  projected by estimating the expected cropping  pattern in  the
absence of  any drainage facilities.  Farm budgets, yields, and  net farm
income are  then developed for  each crop  in  the cropping  pattern.  This  same
procedure is  used to estimate net farm income with  the drainage project.
Future cropping patterns,  farm budgets, and  yields are developed for the
acreages  to be drained.
A  damage-benefit analysis was conducted in  1977 by the U.S.  Soil
Conservation Service for a  proposed drainage project in  Rocky Run Watershed
(North Dakota State Water Commission 1977).  The  Emrick Watershed, which is
part of  the  larger Rocky Run  Watershed, was  included  in  that analysis.  A
sample of  watershed residents  were interviewed to estimate the  amount of
land that  is  frequently subject  to  flooding and changes  in  crop yields if
the project were  implemented.  Net  return  to drainage  per composite acre
was  estimated to be $38  (1976 dollars)  (Table 8).  Production costs  would
increase $5  (1976  dollars)  per acre  served.  If  1,000 acres were effec-
tively served  as  a consequence of  the project,  annual  drainage benefits
would be $60,000  (1983 dollars)  ($60.00/acre x 1,000  acres).  The
discounted value  of  this stream  of  benefits is $828,000.
8Additional  information on  agricultural  land drainage costs  and
returns  are provided in  a study  by Leitch and  Kerestes  (1981).
The  net return per composite  acre of  $38  (1976 dollars) was  indexed
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2. Increase from Project Services--The secondary economic impact of
Emrick  Drain  is  the  effect  of  increased  levels  of  spending for  production
inputs, project OM&R costs,  and  increased  net  returns of  landowners  on  the
regional  economy measured in  terms  of  increases in  TBA,  PI,  and  employment.
The annual  increase in  spending for  production  inputs was $8,00(O
($8/acre x  1,000  acres).,  and $8,000 was  spent for project OM&R costs.
Annual  increase in  net farm income  (less OM&R costs)  is  $52,000.  The esti-
mated total  business activity generated each year in  each  sector of  thell
state's  economy as a  result of  these  increases is  indicated in  Table 9.
TABLE 9. TOTAL BUSINESS ACTIVITY  AND EMPLOYMENT BY  SECTOR AND  PERSONAL
INCOME GENERATED BY  PROJECT SERVICES OF  THE  EMRICK DRAIN  (1983 DOLLARS)
Economic Sector  Total  Business Activity  Employmenta
1. Ag, Livestock  $  4,000  b
2. Ag, Crops  2,000  b
3. Mining  0  b
4. Contract Construction  7,000  b
5. Transportation  1,000  b
6. Communications &  Util.  6,000  b
7. Ag Processing &  Misc. Mfg.  2,000  b
8, Retail  Trade  52,000  b
9. Fin.,  Ins.,  &  Real  Estate  11,000  b
10.  Bus.  &  Personal  Service  6,000  b
11.  Prof. &  Social  Service  6,000  b
12.  Households  95,000
13.  Government  6,000  b
TOTAL  $198,000  >0
a.
aEmployment in  each  sector was  estimated using
Less than 1.0.
gross productivity ratios.
NOTE:  Row 12,  Households, represents  personal  income.
3.  Increases from Construction  Expenditures--The secondary economic
impact of  construction of the  Emrick  Drain  is  the  effect of  the  increased
level  of  spending during construction in  Region 6  measured  in  terms of
increases in  TBA,  PI,  and  employment.  Total  construction expenditures by
10The  increase in  spending for production  inputs of $5  per acre  (1976
dollars) was  indexed  to $8  per acre  (1983 dollars).
11 This is  assuming that  these expenditures were  spent within  the
region.- 50  -
sources outside the region  were $46,200.  These expenditures generated
$112,000  inltotal  business  activity during the construction period
(Table 10).
TABLE 10.  TOTAL BUSINESS ACTIVITY AND EMPLOYMENT
INCOME GENERATED BY  CONSTRUCTION EXPENDITURES,
DOLLARS)
BY  SECTOR AND PERSONAL
EMRICK DRAIN  (1983
Economic Sector  Total  Business Activity  Employmenta
1. Ag, Livestock  $  2,000  b
2. Ag, Crops  1,000  b
3. Mining  1,000  b
4. Contract Construction  48,000  1
5. Transportation  0  b
6. Communications &  Util.  3,000  b
7. Ag Processing &  Misc. Mfg.  1,000  b
8. Retail  Trade  19,000  b
9. Fin.,  Ins., &  Real  Estate  4,000  b
10.  Bus. &  Personal  Service  1,000  b
11.  Prof. &  Social  Service  2,000  b
12.  Households  28,000  --
13.  Government  2,000  b
Totals  '  $112,000  >1
a
bEmployment in  each  sector was  estimated
Less  than 1.0.
using gross  productivity ratios.
NOTE:  Row 12,  Households,  represents  personal  income.
Construction expenditures by  sources outside the  region were
$46,200.  These expenditures occurred in  the contract construction
sector.
Construction expenditures  generated $28,000 in  personal  income
(Table 10, Row 12)  and were responsible for  the direct  or secondary
employment of  at  least  one person during the construction period.
Economic Efficiency  and  Regional  Economic Activity Models
The economic efficiency model  estimates net economic effects  on  the
state.  The regional  economic  activity model  measures  the  increase in
regional  economic  activity as a  consequence of Emrick Drain.
12 This is  assuming that  all  construction expenditures were spent
within the  region.- 51  -
1.  Economic Efficiency Model  (EEM)--Total  project benefits  using the
EEM are $828,000 and  total  project  costs are $280,400 (Table 11).  The
resulting benefit-cost ratio is  3.0:1.
ANALYSIS OF  BENEFITS AND COSTS
EMRICK DRAIN (1983  DOLLARS)
USING THE ECONOMIC  EFFICIENCY
I tem
Beneficial  Impacts
Direct User.  Benefits














2.  Regional  Economic Activity Model  (REAM)--Total  business activity
generated by the  Emrick  Drain is  $2,84.5,000  (Table 12).  This  includes
direct expenditures  plus associated  secondary impacts.  Total  personal
income generated over  the  life time  of  the project  is  $1,339,000.
TABLE 12.  INCREASES IN  REGIONAL  ECONOMIC ACTIVITY, EMRICK  DRAIN
(PRESENT VALUE IN  1983 DOLLARS)
Capitalized Impact
Item  TBA  PI
Increases from Project  Services  $2,733,000  $1,311,000
Increases from Construction Expenditures  112,000  28,000
TOTAL  $2,845,000  $1,339,000
TABLE  11.
MODEL,
- .·..  · · -i·;..  ·- 52  -
EX  POST ANALYSES
Benefit-cost  analysis has  long  been  used  as a  primary tool  for
planning and  justifying water projects.  However,  after the project is
established, almost no  record  is  kept  of  actual  benefits  and  costs that
accrue so  no  comparison can  be made with  planning expectations.  When
ex  post analyses  have been conducted,  the  results  have been  less  than
encouraging.
An  ex post  analysis of  the Pick-Sloan Missouri  Basin Program indi-
cated that due to  uncertainties  and  imperfections,  benefit-cost analysis
and  long range  planning are of  questionable  utility and  are very misleading
as measures  for program justification  (Wilkinson 1975).  Because benefit-
cost estimating procedures remain  so imperfect, a  wide range of  calculated
values is  possible; however, it  appeared that flood  control  and  electric
power program benefits far exceeded  plan expectations, while those for
irrigation  and  navigation programs fell  short.  The ex pst analysis also
revealed that external  forces had radically altered  the original  plans.
Ex pst analyses should become an  integral  part  of  public sector
water development.  Such analyses can help strengthen  future planning
efforts  and can establish a  more clear-cut accountability to the  public.
The decision  to  do  an  ex post  analysis should be  made before a  project is
"built or  program is  started.  Informaton needed can be  identified, and
procedures for  collection established.
A  problem with ex  post analyses  is  that most water resource projects
are  long-lived  investments.  An  analysis conducted only 10  years  after a
project is  implemented may capture only a  fifth of  the benefits,  and
estimates must  still  be made  of  future outputs.  However, it  would be  hard
to argue  that future planning efforts could not  be  improved with even  this
type of  limited  post-project analysis.
13 See Haveman  (1971)  for methodology of  ex  post analyses of  water
resource projects.- 53
CONCLUSION AND IMPLICATIONS
We have presented  some objective  guidelines for  evaluating state-
level  water resource development  projects.  We  conclude by re-emphasizing
an  important point  made  at  the beginning of  this  report:  project  economic
analysis  is  only one step  in  the  comprehensive planning  and decision-making
process.
The procedures and  guidelines  in  the  report were aimed,  to a  large
extent, at  project-related  impacts that could  be  quantified  and expressed
in  economic terms.  Clearly, economic efficiency and  secondary economic
impacts  are important components of public  sector decision making.
However, if  nonquantifiable  impacts are not addressed, a  simplistic,
inaccurate rule would  result  in  which anything which produces the greatest
number of  visitors and/or greatest expenditures is  considered the best.
Although these items  are  important, the analyst must also be concerned with
the incidence  of  these impacts,  with the effects on  other  social  values,
the effects on project  users (user  satisfaction),  and with the  impacts on
the environment.
The  broad aim of  water resource development is  to  increase  social
welfare.  Project analysis  can  reveal  parts  of  the overall  picture by
.organizing and  utilizing technical  and  economic  information about  proposed
public sector projects.  It  should not  be expected, however,  to do more
than it  can  reasonably do.  That is,  it  cannot be expected to take  the
politics out  of  public decisions by replacing them with a  single-number
ratio meant  to  represent all  aspects  of  social  welfare.
Even  though many years have been  spent trying to  improve analytical
procedures, no  one has  succeeded in  making it  totally impartial  or
indisputable.  Objective project  analyses  are complicated  by both  disputes
over  basic assumptions and  widely divergent  choices concerning difficult
issues,  such  as  discount rates and  the value of  wildlife.  Therefore,
public participation must continue  to  play an  important role in  the ulti-
mate decisions.- 54  -
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APPENDIX B
Regional  Economic Activity Modelsu.1
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-C- 59  -
Project Visitation Scenarios for REAM
Individual  "a"  goes to Site  B within  Region  3 instead  of another activity in  Region 3-this is a replacement activity
which only adds to regional  economic activity by the net increase over the former activity. No significant change in
state-level economic activity.
Individual  "b"  goes  to site  B within  Region  3  instead of going to site D within the same  region. This  represents in-
region substitution and is no gain to the region  or state.
Individual  "c"  visits site A within  Region  1 instead of  site C  in Region 5. This represents  in-state substitution. The
activity  is a gain to Region 1 but a  loss to Region 5 and no net gain to the state.
Individual  "d"  visits site  A  in  neighboring  Region  1. This  is additional  economic  activity to Region  1 but a loss to
Region 6 and no change to the state.
Individual "e"  visits site C within  Region 5  instead of site IIIA  in  a neighboring state. This represents  new economic
activity to the  region and state.
Individual "f"  from outside the state visits site C in Region 5. This represents new economic activity to Region 5 and
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